both natural and sexual selection hypotheses. A reduced penis may increase copulatory efficiency if copulating becomes faster or easier, or it may increase flight performance due to weight reduction if the penis and associated machinery are heavy [2, 3] . The penis may have been lost to reduce the risk of acquiring sexually transmitted diseases (STDs) that may be common in birds [2, 3] . Female choice may have favored males with reduced genitalia if these males were less able to manipulate reproduction and coerce females [2, 3, 16] . While we lack sufficient data to rigorously test these hypotheses, preliminary examinations have not yielded universal support for any one of them [2, 3, 5, 16] . However, there is no reason to expect that all the independent penis reduction events in birds are the result of the same selective pressures. Increased copulatory efficiency may have been important for the small Crypturellus if shorter copulation -compared to the more prolonged affair in their closest relatives, Tinamus -resulted in less predation. Reducing the incidence of STDs may have been important in promiscuous species, such as some megapodes and tinamous. Perhaps the reduction of the penis resulted from female choice for less coercive males in some Galliformes if sexual conflict over forced copulation was as rampant in their last common ancestor as it is in modern waterfowl [6, 17] .
There may have been more than one ultimate reason why the penis was reduced or lost in birds, and similarly there may be more than one developmental mechanism by which reduction of the penis has occurred. Thanks to Herrera et al. we now have one piece of the puzzle, but studying the developmental mechanism of penis loss in Neoaves, and penis reduction in tinamous and megapodes, would help to complete the picture. The diversity of morphologies of bird genitalia suggests that evolution has likely come up with more than one way to lose the penis. There have been numerous studies of the genetic basis of local adaptation and reproductive isolation among species. Complex adaptive traits have been found in several studies to be multigenic, rather than being caused by variation at single large-effect regulatory genes. In some cases, causal genes map together to inverted genomic regions [1, 2] . Inversions prevent recombination, which allows the genes within them to be inherited together as a unit. In one striking example from the butterfly genus Heliconius, selection for genome rearrangements can maintain the association of alleles underlying complex wing pattern differences -three loci controlling variation within and between species map to a single 'super gene' and, in at least one species, multiple rearrangements have been under selection to lock these loci together [3] . Similarly, in common monkey flower Mimulus guttatus, alleles that condition locally adaptive variation in a suite of traits including salt tolerance, drought resistance and flowering time in coastal and inland habitats reside together on a chromosomal inversion [4] . In these cases, alleles controlling multigenic traits are inherited as units, which may facilitate their maintenance and allow the transference of prepackaged 'adaptive modules' between lineages [5] .
A recent study published in Current Biology examines the genetic architecture of a pollination syndrome in the Petunia genus to ask how it is inherited and maintained in wild populations [6] . Multitrait pollination syndromes differentiate many of the hundreds of thousands of angiosperm species and have long been of interest to evolutionary biologists. They require coordination of a range of floral traits such as shape, size, color, nectar content and scent to be appropriate for specific pollinators [7] . Floral syndromes can experience selection from pollinators, but may also function to reproductively isolate species specialized to different pollinators [7] . Thus, diversification of pollination syndromes likely plays a fundamental role in speciation in many flowering plant taxa. Pollination syndromes sometimes differ among closely related species, as is the case for Petunia exserta and Petunia axillaris, native to southern Brazil. P. exserta is restricted to a few unique habitat islands (sandstone towers), whereas P. axillaris grows in a diversity of habitats throughout the region, including sites with P. exserta [8] . Molecular evidence suggests P. exserta may have evolved from P. axillaris [9] . The two species co-occur, are completely interfertile, and often hybridize in the wild, but nevertheless reliably maintain a suite of differences in multiple floral characters: P. exserta has red, UV-reflecting, unscented flowers with elongated pistil and stamens, presumably adapted to hummingbird pollination, while the hawkmoth pollinated P. axillaris has white, UV-absorbing, scented flowers with short pistil and stamens [8] . Are these differences conditioned by a single large-effect locus or multiple genes? How is the rarer P. exserta hummingbird pollination syndrome maintained despite ongoing hybridization?
Following previous work that demonstrated floral scent in these Petunia species is controlled by two large-effect quantitative trait loci (QTL) that affect hawkmoth visitation [10] , Hermann and colleagues set out to more deeply investigate the genetic architecture of floral differences between these species [6] . They fine-mapped one of the QTL, but found that segregation of scent also associated with variation in flower color, UV reflectance, and pistil and stamen length (Figure 1 ). This result raised the possibility that the QTL might contain a single gene that regulates expression of all of these traits, but fine-mapping showed that at least three loci are responsible. All of the loci lie within a region of 0.1 cM, so recombinants are rare. Chromosome staining indicates that this region is pericentromeric with large amounts of heterochromatic DNA [11] . Thus, low recombination (as opposed to a rearrangement or chromosomal inversion) causes these loci to generally segregate as if they are a single Mendelian locus, which allows the complex parental phenotypes to be easily recovered from hybrid genotypes. This interesting finding not only provides insight into how this multigenic phenotype is maintained in the relatively rare P. exserta despite Figure 1 . Segregation of floral alleles in Petunia. Wild parents P. exserta (left) and P. axillaris (middle). A P. exserta heterozygous for a w0.1 cM introgression from P. axillaris (right) segregates for color, UV absorption, scent production as well as exsertion of reproductive organs. Images courtesy of Roman Kö pfli and Peter von Ballmoos. gene flow, but also raises the question how and perhaps why this genetic architecture evolved in the first place.
Additional experiments can be designed to address the open question of whether each observed trait difference is really adaptive, or whether drift or hitchhiking may have influenced the evolution of this pollination syndrome (e.g. [12] ). While maintenance in nature suggests the observed pollination syndromes are adaptive [13] , it will be exciting to see additional experiments that specifically quantify the relative fitness of the various possible recombinant genotypes. With this P. exserta x P. axillaris system, in which tight linkage rather than an inversion conditions trait co-segregation, it is actually possible to construct recombinant lines to study different combinations of these traits on pollinator behavior (e.g. [14] ). A complementary approach could focus on identification of the causal variants underlying each trait and analyzing the genes for molecular genetic signatures of selection and linkage disequilibrium across this super-gene locus (e.g. [5] ).
An important question that arises is how this genetic juxtaposition evolved in the first place. To glimpse the evolutionary history of this arrangement, the authors examined the chromosomal location of their genetic markers in related Solanaceae with sequenced genomes, tomato and potato. They found that the genes are spread across multiple chromosomes in these species, suggesting that the Petunia arrangement arose after the divergence from the potato/tomato lineage [6] . Further investigations are needed to understand when this occurred and whether rearrangements were positively selected specifically because they brought allelic variants of these loci together.
What role (if any) do the loci that differentiate P. exserta and P. axillaris play in variation in the rest of the genus? Petunia is composed of 11 species exhibiting three distinct pollination syndromes -bee, hummingbird, and hawkmoth [8] . Most species are bee pollinated, with wide, purple, unscented flowers, suggesting this is the ancestral state in Petunia, whereas hummingbird and hawkmoth pollination are each represented by only P. exserta and P. axillaris, respectively [8] . Did the tight chromosomal arrangement of the causal genes facilitate speciation in this group, or allow the spread of pre-packaged versions of complex phenotypes (e.g. [5] )?
The work with P. axillaris and P. exserta adds an interesting example to the list of multigenic traits that can segregate as Mendelian parcels and provides a mechanism for how a floral pollination syndrome might remain intact effectively as a single trait. This system provides a good springboard for better understanding how alternative alleles of multigenic super genes arise and what role they may subsequently play in speciation or the maintenance of phenotypic variation. The p53 tumor suppressor governs multiple cell-intrinsic programs, including cell-cycle arrest and apoptosis, to curb neoplastic growth. A new study reveals that p53 also acts through a novel non-cell-autonomous mechanism, by stimulating the innate immune system to maintain tissue homeostasis and suppress tumorigenesis.
Nitin Raj 1 and Laura D. Attardi 1,2, * Inactivation of the p53 tumor suppressor gene is one of the most frequent alterations in human cancers, and p53 deficiency causes a fully penetrant cancer predisposition in mice, together underscoring the crucial role for p53 in tumor suppression [1, 2] . p53 is a cellular stress sensor that can restrain neoplastic growth in a
